Introduction to JSTQE Issue on Silicon Photonics

Welcome to the IEEE Journal of Selected Topics in Quantum Electronics (JSTQE) Special Issue on
Silicon Photonics! In the past decade, silicon photonics has rapidly grown from a promising academic
field to an industrial reality, with many silicon photonics-based products deployed in the field. The success
of this fairly young field, which took its first steps in the 1990s, can be attributed to two unique
characteristics of the technology: the scaling down of waveguides, and the scaling up of manufacturing.
Silicon, as a semiconductor material, has a high refractive index, and a native oxide with a much lower
refractive index. This makes it possible to confine light in submicrometer waveguides with tight bends,
which can then be integrated by the thousands on the surface of a small chip. Moreover, these chips can
be made using the same techniques used for CMOS electronics manufacturing: this means that the
infrastructure and investments from in the electronics industry can be leveraged for the fabrication of
silicon photonics. Just like in the field of electronics, we see an ecosystem of fabless research groups and
companies emerging around a limited number of commercial and R&D foundries. This requires a
minimum level of maturity, and supporting design and packaging technologies.

At the same time, the use of silicon photonics is becoming more diverse. While the initial industrial
adoption has been largely driven by the telecom and datacom industry, we now see silicon photonic chips
being used in diverse applications, ranging from sensing over signal processing to computing. Especially
the field of integrated microwave photonics is gaining traction, with the deployment of 5G and the ever-
increasing need for wireless bandwidth that need to be fed through an optical backhaul network. The large-
scale integration capabilities of the technology platform make it possible to build ever more complex
circuits with a larger number of components. Reliably designing such circuits is not trivial, and design
techniques are only just emerging to tackle the challenge of process variability and decreasing compound
yield when the circuits become large.

The performance of every photonic circuit depends heavily on the capabilities of the fundamental building
blocks. The high index contrast leaves a lot of room for optimized building block designs, which are
computationally intensive. Especially fiber-to-chip coupling structures, such as grating couplers, keep on
improving from year to year. Smart optimization methods combined with efficient simulation techniques
can shorten the development times for these devices.

Beyond such passive building blocks, photonic circuits need actively actuated elements, such as phase
shifters, switches, and high-speed modulators. Traditional solutions in silicon are either power-hungry
(heaters) or fairly weak (carriers), so there is an ongoing quest to develop electro-optic actuators that have
a low optical loss and low electrical power consumption. Similarly, for detectors there is a push to improve
the responsivity, reduce the dark current and increase the speed.

The key missing building block in most silicon photonics platforms is the light source. With its indirect
bandgap, silicon is really an abysmal optical gain medium. The past decade has seen a tremendous
progress in the integration of 111-V semiconductors into a silicon photonics platform, using techniques
ranging from flip-chip-based hybrid integration over wafer bonding to direct epitaxy. In the next decade,
we expect that on-chip light source integration will become prevalent in most silicon photonics platforms.



This JSTQE Special Issue on Silicon Photonics takes a representative snapshot of the state of the field.
The 56 papers, of which 11 invited and 45 contributed papers, cover the entire field from building block
design methods to applications of large-scale silicon photonic circuits. The invited papers cover platform
technologies such as silicon nitride waveguides of the I11-V-on-silicon lasers, design techniques, novel
use of waveguides through the use of lateral leakage or MEMS, and several application-oriented
discussions on how silicon photonics can scale up to large complex circuits. The many contributed papers
cover exciting new results in all of the above topics, and show how much the field has advanced in the
past decade. We see exciting new results in the integration of lasers on silicon photonic circuits, novel and
more efficient modulators and detectors, and new passive waveguide devices and circuits, including
photonic crystal devices that leverage the high refractive index contrast of silicon photonics. Various
applications are covered, from optical interconnects over microwave photonics to new computation
schemes being accelerated by silicon photonic circuits.

We hope that you consider this Special Issue of JSTQE a significant milestone in the field, and that many
of the papers will set the reference and become inspiration for another decade of progress in Silicon
Photonics.
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